


1956: Photosynthesis for Life Support 
US Navy looking at algae for 0 ? production I CO? removal 

confwence on 
PHOTOSYNTHETIC 
GAS EXCHANGRS 

.... -, ...... . ,., .......... . 

~r. ~. , Aller., L'iJreo.u r; Sti?• 
~. t:orr1a Alper t , r..urenu 1.f S~.lpa 
CAPT : &.l'l'}' Alvls, Cu1·aa1l cf rod lc .i..nc o:-1¢ S..::1 o:-; 
Or. W11llL Arncld , Oak Rld£0 J,at1cnal Ltlb<.rntorr 
Or . J!lM11 Baul~A:, Un1verelty c( Call!'orr.la 
CDn Charlea [;, 81ahop , Under:~ea ti&r!are P.ranch . Offi c e ot 

Ma\·al Reaaarch 
LCtm 0.C"J"~e [1reoc!.on, Duro au l'f Sh1 pa 
r..cnn JJ1lllan. 1 . Brhtol , Bureau r.:t sz.tp• 
Or. Al len 5rotrn, Un lverlllt~ of Mlnno11ota 
bt> . Dean burk, tlatlonal InatltuLea cf !iu.1.t!l are. NE~ vli~ 8:.!1~? t!~h;;~::.!i.~~;v;~~~h. c;~ r~~;;r~~"i!val 

Reaaarcl. 
('APT E J! .. Ecotela.ttJttr, Jr,, l.avel Sclonco! ::1v111lon 1 Ottloe 

ot reval fieaearch 
Or. 51dr.oy Geller, 61olOt.-Y Dranch, crrtca cf ?laval Ra .. areh 
Mr. A. S. Ga t oe 1 Buf'e&u of Sh1tt• 
Dr. Harold 8. Gotaaa, Unlvere.lty of Cal1fornle 
Nr. J, 0. Outr:.ann, !Nreau of Ships 
JU-a. Hel•n lla)'U, Biology B.ranc:t., Offic:o of liaval Renarc:h 
Mr . Roland ,,hu;:kol, Chenl~t:rJ !'ra-.ch, Otflee of Naval Reaear 
pr. Ra~rt !fr"luoe, Ur.lvl!ra!t.;y or W"rylr..~o ... . Col le t e Park, 

~ryland 
Jotr, W!lll&"ll t'CCr.J'.OUfhll;, !l'.'rtl e:J<• lr 
LC'OR L . •·. J.!cwcll. ,IUrCt.&U C•! s~'F:I 
Dr· . Jn.dt tJvcr~, l'r,i·~erc.tt.s ,r ':"•A a 
J..r . G or: l ewnnr., _ureau or S .. !J:"' 
CAP"""~. p, Pl.c.., bue , Of(1::o or :i!l"JC.l ~ene~·d. 

pr. o~} ;:av:r·'.~!~:;.c~1olo•1·al Sel•reu jj~vtt:i 1. , ornee 
CI>:l Trcr.'f:r Y. ruo1·ush. orr·" r;av~o~.l :toeool'cl 
J.:r. Jc!lept. S::L.m:1e:-.l!, Lb 1c1 'o nJ D~;,tL.t.r. : c.rrc., Offi ce 

cf laval Rc:soa:·d: 
L:r, Lee .l . Shinn, 9~oclte-1strr !'!'r~r.ct, C .. !'~cc or t:&val 

haaaarch 
COR E. '":". St.t-1 ~elnan eur .. u <I Sh1p:s 
l;re. P14':rlc1a Tau:.!a oM. . 1 '1 ·rc lc:lc: 'S ro. e', O!"fl·tt ol 

tillve.l Reaearet. 

2 



Early Studies Focused on Algae 
and Cyanobacteria (1950s and 1960s) 

• Chi orella pyrcnoidosa TX71 I 05 ( th~rmotokrant 39 C) 

• Other species of Chlorclla. Anac:rstis. 5_mcchocystis. 
Sccncdcsmus, 5_rncchococcus. Spirulina were studied 

• Development of culture systems (chemostats. turbidostats) 

• Protocols for harvesting and nutrient replenishment 

• Studies with animals (e.g., mice. monkeys) and humans 

• Interest in Assimilation and Respiration Quotients (AQ 
and RQ) 
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OONFERENCE ON 

NUTRITION IN SPACE AND 

RELATED WASTE PROBLEMS 

Unimnty of South Florida 

Tampa. Florida 
April 27-.l(l 1964 

1M c:ooterence, sponsartd ~the Nationll "-onautlcs and Space Admln­
bttatlon and the National Academy of Sdenees with the cooper1:lion ol the 
Unr..sity of South Florlea, was directed by Or. T. C. Hthrey, Associate PI'O­
teuor, Univefsity of South Florida. 

f<H.ntr .w r .. -...tf•J-•O.usu. 1~ 
NATION ,\L Af.JlOS.'r.UTICS .U o/0 SP.ACf AD\HS ISTitATIO~ w.m..,, ... oc. 
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Bioregenerative Life Support for Space: 

Su111c Rnic11' u/11 urk in /<)5{1, und /<)()(),: 

• Eley. J .H. and J. Myers. 1963 . A study of a photosynthetic 
gas exchanger. A quantitative repetition of the Priestley 
Experiment. Texas J. Sci. 16:296-333. 

• Miller, R.L. and C .H. Ward. 1966. Algal bioregenerative 
systems. In K. Kammenneyer (ed.) Atmosphere in Space 
Cabins and Closed Environments. Appleton-Century-Croft, 
NY. 

• Taub, F.B. 1974. Closed ecological systems. In: R.F. 
Johnston. P.W. Frank. and C.D. Michener (cds .) Annual 
review of Ecology and Systematics. 5; 139-160. 
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Testing with Higher Plants 
and the CELSS Program 

• Higher plants (crops) more acceptable as a 
food source 

• Improved productivity of plants in 
controlled environment agriculture (CEA) 
- Hydroponic culture 
- HID Lighting 
- C02 enrichment 

• Broad infom1ation base on agronomic spp. 
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Some Crops for Life Support 

r.t· 

If/heat Wheat Wheat Wheat 

Soybean Potato Rtce Potato 

Potato Soybean Sweetpotato Carrot 

Lettuce Rtce Brocco I' Radtsh 

Sweetpotato Peanut Kate Beet 

Peanut Dry Bean Lettuce Nut Sedge 

Rtce Tomato Carrot Onton 

Sugar Beet Carrot Rape Seed (Canola) Cabbage 

Pea Chard Soybean Tomato 

Taro Cabbage Peanut Pea 

Wtnged Bean Chtckpea Otll 

Broccolt Lenttl Cucumber 

On ton Tomato Salad spp . 

Strawberry Onion 

Chilt Pepper 

• T1bb1tts and A/lord (19821 'Hoff. Howe. and M1tchell (1982/. 'Sal,st,ury and Clark (19961 

a G1telson and Okladmkov (1994)-dlet also tncluded supplemental ammal prote1n and sugar 
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Timeline of Bioregenerative Life Support Research at Kennedy Space Center 

BllNICiboard 
Integrated 

Testing In BPC 

20m' 

Resource 
Recovery 
(lob Scale) 

AJBS Panels (3) 

1990 

EffttMntlot.r.-.ce --· --

NRC Panel STWG 

199!5 

.... .... 

• . ...... 

Pototo 
I I 

Potato 
(mludc:rop) 

Ttf 

Crop Telting/ BiorelctorEfftuent 

Sodium RKycllng with P .. nta 

WhoatNFT 

Compoeting 

Find FUm R..::ton. 

-NFT 

L""""' NFT 

am Reviews 

....... 
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Buried Plant Chambers with Indirect Solar Lighting 

Buried Chambers 
for Radiation 

Protection 

Solar Collectors 
with Fiber Optics 
of Light Pipes 

Copyright Sadler Machine Co. 9/10199 
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Higher Plants to Support 1 Human 
(Includes Food , 0 2 , C02 Removal and Water Purification) 

~ (20 g nr2 d- 1 dwt yield) x (4 kcal g- 1) 

= 80 kcal m-2 d- 1 

~ (2500 kcal person- 1 d- 1) I (80 kcal m-2 d- 1) 

= 31 m2 person- 1 

.. .40m2 I person 

~ Japanese IES Studies, 100-120 m2 I person 
for more complete dietary needs. 
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R.M.~ 
Element Leed Bioregenerative Life Support Technology Development Plan """2007 

NA.SAKSC 
~m.w,_,_.._p 

Crop Systems Element, NASA Exploration Life Support Program 

Mission 
Objective 

2q1o 

1-----+? 
Vegetative Crops 

FloiN8ring, Fruiting Crops 
Sustained Operation 

2020 
?./ 

. Food Safety Analyals/ HACCP .·• .· 
2030 

•Integrated Testing with ECLS PC Systema 

s.d & Staple erop. 
Sol.-witha.dr.~ 

~~~~ --. 
eel% d Food; 100111. d AW 
(Regen. for One Hunwn 

-VPU 
Initial Module 

(10m') 

2040 

Add Modules to Resch 
85% Food, roooA Ar 
Regen. e.g., 120m' lot' 
Crew of 4 (assumes improve­
ments in crop productivity 
from preceding R &D). 

Add Modules Based on 
Lunar Testing to lncreass 
Bioregenerative Capabilities 
and Outpost Autonomy 

2050 

! 
Baseline Testing with Lode (IMBP) 

VEGGIE Hardware(?) with LEOs 
~sustained ops on orbit 

Improved ~il Wotering 
¢ Mars10 m' Prototype - SustainedOps i Rellabllny Testing 

~ 
-()ptimizaUon LEOs, Solar Collector Oemonetration 

•NSF South Pole Greenhouse I Human Facto,_ ¢Lunar 30 m' Prototype - Sustained Ops I Roliabll~y Testing 

1 -.
·R~~~;:::~:;:"h Crops ! Lunar 10 m' ! rototype - Sustained 0ps 1 Reliability Test .---:..-~-e~-i:-~ .. -~-s-:_ed_:,-~~-ype-ug-~-est-~-~-~1-:-·rr-.-nt--, 

rate • 5 kg (l) clean water generated 
2salads 1 day; 10m2 chamber. 120 =- 500-daytests; gray water perm2of crops per day. (Assumes 
recycfing; food safety, reliability I failure analysi~; ESM estimates direct gray wst&r input to plants) 

! Lunar VPU 2m' Prototype- Sustained Ops I Rollabll~y Testing 

PoAible To lea:. cootrolled environment icuftcxe, dwarf h, hwvest Index, nutritionel attributes, use 
recycJed nutrients, LED lighting and tolerance, sheff life, NH4+ tolerance, Ne tolerance, high C02 tolerance 

Technology Development and Testing 
• Solar light applicable for lunar polar settings, e.g. Shackleton Crater and mid-feUtudes on Mars (Clawson, 2007) 
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